Abstract: Enhancement of osteoblastic adhesion and migration on a titanium (Ti) surface increases the successful rate of osseointegration in implant therapy by stimulating osteoblastic differentiation. It has been reported that Ti surfaces coated with fibronectin (FN) or GRGDSP peptide derived from FN had improved initial cell attachment and supported osteoblastic cell differentiation. However, the differences in gene expression by osteoblasts grown on FN and GRGDSP coated Ti disks have not been elucidated. Ti disks were coated with FN or GRGDSP peptide, then MC3T3-E1 osteoblastic cells were cultured on those surfaces. After 15 days, the levels of gene expression of the cells were examined. Those levels were mostly similar between the FN and GRGDSP coated disks, though that of discoidin domain receptor-1 (DDR-1) was significantly greater in cells cultured on the FN coated disks. The elevated mRNA level of the DDR-1 gene was then confirmed by reverse transcription-polymerase chain reaction (RT-PCR) and real-time PCR assays. In addition to the ability of the RGD domain to bind with integrins, FN also binds to fibrillin, proteoglycan, and collagen by their specific binding domains, thus the higher level of DDR-1 gene expression seen in our experiments may have been induced by those and not by the RGD domain. For future developing biomaterial as coating for Ti implants using synthetic peptides, binding domains other than the RGD domain in FN may be useful and important.
Introduction
In titanium (Ti) implants, the first biological reaction at the biomaterial-tissue interface is adsorption of body fluid proteins, including extracellular matrix components 1, 2) , and it is widely accepted that proteins in the extracellular matrix control subsequent biological responses at that interface. Some studies have reported that pre-adsorption with cell-adhesive proteins, such as fibronectin (FN), on the Ti surface improved initial cell attachment, spreading, and activity 3, 4) . FN is required for osteoblast survival, proliferation, osteoblast specific gene expressions, and matrix mineralization 5) , moreover, gene expression of MC3T3-E1 osteoblastic cells cultured on FN coated Ti surfaces has been reported, which showed an increased rate of cell attachment along with enhanced mRNA levels of bone sialoprotein (BSP) and osteomodulin (OMD) 6) .
Synthetic peptides with a functional domain consisting of an adhesive molecule may have some advantages for the development of biomaterial implants, as a small synthetic peptide has lower immunogenicity and a lower cost of production. Zreiqat et al 7) .
reported that cells derived from human bone cells cultured on peptide containing GRGDSP-coated Ti surfaces displayed significantly increased levels of osteocalcin (OC) gene expression compared to non-coated Ti surfaces. In addition, Ti implants coated with the RGD peptide from dog femoral condyles showed significantly improved mechanical fixation as well as increased bone formation around the implants 8) .
Short RGD-motif peptides have been designed and synthesized from amino acid sequence databases of collagens, laminin, FN, and BSP, and it has been reported that GRGDSP, a peptide derived from FN, had the highest cell attachment activity among the peptides tested 9) . Furthermore, after MC3T3-E1 osteoblasts were cultured on GRGDSP-coated Ti disks, gene expression profiling demonstrated increased levels of baculoviral inhibitor of apoptosis repeat-containing gene 6 (Birc6) 10) , BSP, and OC mRNA 11) compared with the non-coated Ti control using an Affymetrix Gene
Chip. In another study, MC3T3-E1 cells were cultured on FN or GRGDSP coated Ti disks, and gene expression profiling was performed using an Affymetrix Gene Chip 12) . Their results showed that osteoblastic gene expression levels of cells were similar
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between the FN and GRGDSP coated Ti-disks, which suggested that GRGDSP coated Ti may be useful for clinical applications accelerating the osseointegration of implants. However, very little has been reported regarding the differences in the molecular based mechanisms that enhance the integrity of tissue implant interfaces between FN and GRGDSP coated Ti disks.
In the present study, in order to elucidate the usefulness of FN and GRGDSP coated Ti disks for the development of biomaterial implants, gene expression profiles other than those for osteoblastic marker genes were examined in detail using an Affymetrix Gene Chip system.
Materials and Methods

FN and GRGDSP peptide coating onto Ti disks
FN and GRGDSP were coated separately onto Ti surfaces using the tresyl chloride activation method described previously 13) . 
Gene chip analysis
Total RNA samples (100 ng) were subjected to two-cycle target labeling according to the Affymetrix instructions. Antisense complimentary RNA (cRNA) derived from double strand complimentary DNA (cDNA) was labeled in the presence of biotinylated deoxyribonucleotide triphosphate (dNTP) derivatives to produce cRNA probes. The probes were then fragmented and hybridized onto the Gene Chip Mouse Genome 430 2.0 Array.
Washing and staining were performed for each sample using a Gene Chip Fluidics station 450 (Affymetrix, Santa Clara, CA).
Chip performance, background levels, and the presence or absence of signals were assessed using Microarray Suite software (Affymetrix, Santa Clara, CA). Each gene chip in a given set was normalized by adjusting the probe intensities. The presence or absence of signals was re-evaluated and intensity normalization was performed across all 8 of the arrays. Data analysis was performed using the Gene Chip Expression Analysis (Affymetrix, Santa Clara, CA) and GeneSpring (Silicone Genetics, Redwood, CA) software packages.
Real time and endpoint RT-PCR analyses
Real-time PCR reactions were performed using a real-time were made between two groups using Student's t-test. 
Results
Gene chip analysis
Discussion
It is well known that the RGD peptide sequence binds with osteoblasts via cell surface integrins 14) , while other studies have
shown that RGD and related peptides are able to enhance osteoblast adhesion and migration 15, 16) . In our previous study,
MC3T3-E1 cells were cultured on both FN and GRGDSP coated
Ti disks, and analyzed the gene expression profiling using an Affymetrix Gene Chip. Thus, we found that the gene expression levels of osteoblastic marker genes, including type I collagen, alkaline phosphatase, osteomodulin, osteocalcin, bone sialoprotein, osteonectin, osteopontin, core binding factor a1, osterix, and msh homeobox homolog-2 expressed by the cells were similar between the two coatings 12) , which indicated that . Interestingly, DDR receptors regulate cell adhesion, migration, proliferation, and remodelling of the extracellular matrix 22) . In the present study, we found that DDR-1 gene expression of osteoblasts was activated when the cells were cultured on FN coated Ti disks, whereas that of DDR-2 was not, suggesting that FN coating may induce the expression of non-fibrillar collagens to a greater extent than GRGDSP coating.
Collagen-induced DDR1 autophosphorylation is a cell-typespecific process that requires the secreted protein Wnt5a 23, 24) .
Interestingly, it has been reported that Wnt5a is involved in bone formation by potentiating osteoblastic differentiation of human mesenchymal stem cells through activation of the Ror2 receptor tyrosine kinase. Taken together with our results, it is suggested that DDR-1 could play a role in osteoblastic differentiation in association with Wnt5a.
FN has several functional domains, such as the fibrillin, proteoglycan, and collagen binding domains, which may promote DDR1 gene expression. Although GRGDSP coated Ti may promote early cell attachment and matrix bone mineralization by promoting integrin binding, the fibrillin, proteoglycan, and 
